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ABSTRACT OF THESIS
Evaluation of Alveolar and Soft Tissue Changes After
Muscular Release Surgeiy in Patients Undergoing Fixed Orthodontic Therapy
Virginia Bemal
Master of Science, Graduate Program in Orthodontics and Dentofacial Orthopedics
Loma Linda University, June 2001
Dr. Ivan Dus, Chairperson
This study compared pre-treatment to post-treatment changes in patients
undergoing fixed orthodontic therapy who have had muscular release surgery. The
alveolar and soft tissue changes in the mandible of 128 subjects from a private practice in
Northern Italy (74 females and 54 males) were analyzed. In addition, comparisons were
made of changes related to age, gender, facial type, and movement of the lower incisor.
Lateral cephalograms were analyzed before and after treatment for skeletal, esthetic, and
dentoalveolar changes. Photographs were used to assess changes in the soft tissue of the
lower anterior region at pretreatment (Tl) versus post-treatment (T2). The null hypothesis
is: there are no differences between Tl and T2 in the amount of alveolar bone and
keratinized gingiva along the anterior superior aspect of the symphysis in patients who
have undergone muscular release surgery, as determined by lateral cephalograms, for the
variables of age, gender, facial type, and movement of lower incisor.
The results showed that there was a statistically significant increase in the area of
B point, ascertained by two measurements; inner area and the distance from posterior-
superior symphysis (S4) to B point. There was also an increase in the amount of
keratinized gingiva. However, no correlation was found between facial type and increase
at B point or increase in keratinized gingiva. Likewise, the changes in age and lower
incisor angulation from pre-treatment to post-treatment did not significantly impact the
amount of changes seen in inner area, S4 toB point, and keratinized gingiva. Overall, the
patients in this study benefited mostly from the repositioning of peri-oral muscles that
contributed to their pre-treatment malocclusions.
*1.,. li.
I
' V i 'I » t J H -
I. Introduction
Concern for esthetics and relapse has led many to evaluate the effects of oral
musculature on dental stability. Research has shown a correlation between the different
musculature and tooth position as well as the untoward effects on alveolar bony
base and periodontium. A significant muscular pressure on the dental arches and teeth
exists, which plays a role in the development of malocclusion, and challenges the
orthodontist to obtain ideal results in treatment. The presence of such pressure may also
contribute to the high incidence of relapse seen in finished orthodontic cases.
It is thought that by performing the buccinator release surgeiy, the cause of
malocclusion is modified, thereby producing many advantages. Research supports the
immediate benefits of a thicker zone of keratinized gingiva that is formed after the
muscular release surgery.^ In tum, this prevents gingival stripping and recession, which
occurs in certain patients undergoing orthodontic treatment. If a gingival graft has already
•  • • 33
been done, the longevity is improved in patients undergoing muscle repositioning.
Bony improvements are also seen clinically^, with reports of alveolar regeneration
after the buccinator release surgery. Such growth benefits many aspects of the treatment
plan, as it could decrease the need for extractions and allow for expansion of either arch.
All of the above results could decrease the incidence of relapse, which has proven to be
one of the greatest orthodontic challenges.
Many studies have deliberated over the cause of relapse, particularly in the lower
anterior region. No support for non-extraction cases^, the presence of third molars', or
incisor irregularity^, as distinct causes of relapse, has been found. However, based on the
cause and effect relationship that the musculature effects tooth position, eliminating this
relationship could undoubtedly decrease the incidence of relapse. This is an obvious
benefit to the patient population who would otherwise have to undergo orthodontic
treatment again, or would have to accept dental crowding years after the braces are
removed.
Finally, it would be beneficial to determine whether specific clinical
presentations, such as certain facial types or presence of myofunctional habits, would
benefit from the surgical procedure. Such finding would assist in treatment planning, and
ultimately shorten the length of fixed orthodontic therapy. Moreover, information gained
from this study would help non-orthodontic patients whose muscular attachments are
compromising their dental health. Those with prosthodontic needs, such as dentures or
implants, would undoubtedly benefit from methods that would increase their alveolar
width and amount of keratinized gingiva.
A. Purpose of Study
The aims of this study are:
1. Determine alveolar and gingival tissue changes in the mandible after undergoing
muscular release surgery during orthodontic treatment.
2. Compare changes related to the following parameters: age, gender, facial type,
and movement of the lower incisor.
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n. Review of Literature
Mai occlusion and Facial Musculature
Much has been hypothesized regarding the force of musculature in the peri oral
region as causative factors of malocclusion. Malocclusion may involve three tissue
systems: teeth, bone and muscle. Malocclusion is defined as a skeletal or dental
discrepancy of teeth that are rotated or crowded, as well as an improper digitation of the
upper and lower teeth, often leading to physiologic dysfunction or soft and hard tissue
trauma. In some cases only the position of the teeth are irregular; jaw relationship may
be good and muscle function normal. In other cases, teeth may be regular in their
alignment, but an abnormal jaw relationship may exist, so that the teeth do not meet
properly during function. Or, the malocclusion may involve all three systems, with
individual tooth malpositions, abnormal jaw relationship and abnormal muscle function.
Three groups categorize these different types of malocclusions: dental dysplasias, skeletal
dysplasias, and skeletodental dysplasias.^''"
Another form of patient classification is by facial type. Mesofacial refers to facial
balance whereby the skeletal and muscular components are in harmony. Brachyfacial
patterns have strong facial and perioral musculature, short lower anterior face height, low
mandibular plane angles, and deep bite malocclusion. " Dolichofacial patterns have weak
musculature, high mandibular planes, and open or edge-to-edge anterior overbites.'^ The
determination of a patient's facial pattern guides the type of orthodontic treatment
mechanics that are appropriate. In addition, because certain findings are common to each
facial type, length of treatment, progress, and potential obstacles can be identified in the
diagnostic process.
Achieving facial harmony and balance has long been the goal of orthodontic
treatment. The total picture of denture and facial equilibrium can only be ascertained after
evaluation of (1) skeletal pattern and the relationship of the denture to it (2) occlusion and
function of the teeth (3) function of the facial musculature. In the 1920's,
myoftmctional therapy was proposed to help in the development of proper muscle
tonicity and normal function of the facial musculature.'^ Charles Tweed introduced the
idea that a protrusive dentition was most effectual to soft tissue profile.'"* For this reason,
the only manner to attain satisfactory lip balance and facial esthetics was to remove
dental units. His extraction therapy became widely adopted by many orthodontists and
produced acceptable occlusions. However, this approach often left mildly protrusive
cases with fiat and unappealing profiles. Moreover, those with strong muscle attachments
in the mentalis region were not helped. And individuals with a thick, hypertrophied band
of muscle crossing the midline underneath the lower lip, known as a sublabial contracture
or lower lip eversion, had a more obvious condition post-Tweed treatment.
Ricketts introduced the correlation of muscle patterns with specific facial types in
cephalometric growth estimates and the orthodontic visual treatment plan. He noted that
dolichofacial cases with short condyle heads, small gonial prominences, and thin rami
frequently displayed excessive vertical opening during treatment. In contrast,
brachyfacial cases with their well-formed condyle heads, acute gonial angles, well-
developed mandibular bodies, and thick rami resisted bite opening." These observations
were related to the strength of their masticatory musculature, and how these muscles
affected facial development, mandible alveolar growth, and orthodontic treatment results.
He also recognized bimaxillary retrusive faces as having well-developed chin buttons.
which resulted from mandibular growth and a tight buccinator complex that restrained the
denture.
Another factor in the genesis of malocclusion is heredity. Genetics determines
one's natural equilibrium during dental and facial development: between the eruption of
posterior teeth, mandibular growth, maxillary tuberosity growth, and the rotation and
alignment of the pterygomaxillary suture. Habits and behavior may disrupt this process if
either are strong enough to affect a functional change or adaptation in facial or dental
maturity.
B. Facial Muscle Anatomy
A review of the facial musculature is necessary to recognize certain anatomic
relationships. A brief survey of the buccinator, orbicularis oris, and mentalis muscles
should entice questions regarding their physiological significance and application.
The superior and inferior origins of the buccinator muscle are the alveolar
processes of the maxilla and mandible, near the molar teeth sockets. Posteriorly it
extends from the pterygomandibular raphe. The fibers of the buccinator then converge
toward the angle of the mouth where they blend with the orbicularis oris. The upper
buccinator fibers pass to the lower segment of the orbicularis, and the lower buccinator
fibers pass to the upper segment, forming the buccinator-orbicularis oris complex, or the
B.0.0. Complex. ̂
The orbicularis oris is a sphincter muscle formed by various facial muscles
converging on the mouth, and by its own proper fibers. The deep stratum derived from
the buccinator crosses over at the angle of the mouth. The upper and lower buccinator
fibers pass across the lips without decussation." The result is a strong muscular band
running across the upper and lower alveolar ridges, much like a thick biologic elastic
band stretching across and causing undue pressures. ̂
The mentalis muscle originates from the incisive fossa of the mandible and inserts
into the skin of the chin. Its upper fibers insert into the lower segments of the B.0.0.
Complex, laterally into the cuspids, and the lower fibers insert into the skin of the chin.
At rest there is no pressure from the mentalis. In function, however, the upper fibers
cause additional pressure on the alveolar tissue, leading to eventual damage and removal
of existing keratinized tissue.
The buccinator becomes the most problematic muscle because of its close
anatomic relation to the anterior and posterior teeth. A cross-section of the intraoral
region would reveal the buccinator's position as essentially a muscular curtain,
surrounding the posterior teeth and only separated by a thin mucosa. The upper bands
directly attach and thus influence the upper alveolus, just as the lower bands directly
affect the mandibular alveolus. The buccinator spans across to cover the entire buccal
surfaces of both arches. Thus, the upper and lower bands have a direct influence on the
level of alveolar bone, and on the buccal position of the teeth. The lingual position of the
teeth is balanced out by a combination of bony support and position of the tongue.
As previously mentioned, the tongue is another muscular force that affects the
dentition. If there is a lack of equilibrium whereby the tongue causes more pressure than
the perioral muscles or vice versa, a myofunctional problem exists. When, for example,
the tongue cannot counteract the pressure of a buccinator strap with hypertonicity, the
result is teeth in crossbite and mandibular teeth that are lingually inclined.'
C. First Surgical Approaches
Warren Hamula in 1970 was the first to advocate a surgical approach of alteration
of muscle attachments to obtain changes in vestibular width and soft tissue outline.^ He
presented diagnostic markers and clinical considerations, and focused on the mentalis
muscle as chief cause of facial imbalance. He developed two surgical techniques that lead
to an alteration in the vestibular depth, and production of new and wider attached gingiva.
In doing so, the objectives of changing the labial pressures on the dentition, along with
improving facial esthetics by surgically influencing the position of the lower lip, were
addressed. Brachyfacial types were the focus of his study, as they exhibited a
mentolabial crease, a condition attributed to hyperactivity of the mentalis muscle.
Sidney Frederick was the first to identify the buccinator and orbicularis oris
muscles (a.k.a., the B.0.0. Complex) as influential in the development of malocclusion.^
He attributed high muscular attachment to causing pressure resorption on the alveolus.
He also addressed the genetic influences of such anatomy, whereby an individual inherits
short alveolar bone and short muscular bands. Therefore, muscular repositioning relieved
this built-in tension.
In contrast to Hamula, Frederick maintained that the perioral muscular theory
applied to all facial types. Dolichofacial patients usually presented with an increased
lower face height due to prolonged mouth breathing. The pull of the buccinator would be
definite, and along with other conditions associated with this facial pattern, an inflamed,
irritated, and compromised periodontal status would result. Therefore, a thorough
evaluation of muscular attachments in all facial types was indicated, as destructive
anatomic relationships were not particular to one malocclusion or facial pattern.
The reported benefits were (1) prevention of fiiture gingival stripping and
recession, (2) improved longevity of free gingival grafts, and (3) formation of thicker and
wider zones of attached gingiva. Bony improvements were evidenced as alveolar
regeneration, decreased incidence of relapse to the lower incisor region after orthodontic
treatment, and improved esthetics. Fredericks suggested that this approach could
decrease the need for extractions to gain arch length due to increased amounts of bone in
the mandibular anterior region, and that expansion of the arch was possible in both
saggital and transverse dimensions.
D. Current Surgical Procedure
The surgical procedure has two parts: the vestibuloplasty, done in the anterior
portion of the mandible, and the buccinator release surgery, done in the posterior section.
The vestibuloplasty improves the gingival integrity of that area by lowering the muscle
attachment. Patients who undergo this procedure have high muscle attachments that are
near to the lower anterior keratinized gingiva.
After local anesthesia is given to the anterior area of the mandible, an incision is
made in the mucosa from mesial right to mesial left of the first bicuspids. The quadratus
and triangularis muscles are detached via blunt dissection. A full thickness slit of
periosteum, approximately 2mm, is removed so that the muscles will not reattach to that
region. (Figure 1) The mucosa is then lowered by that distance, and a suture is placed
along the lower periosteal margin. A periodontal pack is applied and serves two
functions: to protect the surgical site, and to keep the muscles stretched away from the
original position. (Figure 2) It is replaced every week for three weeks, allowing
epithelialization of the wound.
Figure 1. Vestibuloplasty: surgical removal of periosteum.
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Figure 2. Periodontal pack placed after vestibuloplasty.
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Figure 3. Location of buccinator release surgery.
A
Figure 4. Blunt dissection of mucosa overlying the buccinator muscle.
Figure 5. Frankel appliance worn after buccinator release surgery.
The buccinator release surgery is done to release the musculature and in the effort
to promote bony apposition on the anterior alveolar bone. Specifically, it is done
bilaterally between the lower second bicuspid and first molar. Two marks are made to
demarcate the site of surgery; one at the mucogingival junction and the other 10mm
laterally. (Figure 3) A local infiltration of anesthesia is given in that area, and the incision
is made perpendicular to the cheek mark and towards the teeth. The mucosa is then
separated with blunt dissection in a mesial to distal direction. (Figure 4) Once the
buccinator muscle is visible, it is cut completely through with surgical scissors until the
underlying fascia is visible. Care is taken not to cut the fascia. Sutures are placed to
reattach the mucosa—^the muscle is left separated. The muscle will then heal by forming
a scar, and the result is a longer buccinator muscle.
A month before this surgery, the patient is given a Frankel appliance, a removable
acrylic shield to be worn for 10-12 hours/day. (Figure 5) One week after the buccinator
release surgery, the patient returns to appliance wear for the subsequent 6 months. Doing
so ensures that the muscle maintains its stretched position. If both the vestibuloplasty
and buccinator release surgery are done, the appliance is not worn until 3 weeks later to
allow proper healing.
E. Functional Studies
Surface EMG (sEMG) monitors and can evaluate swallowing and speech pattems.
It also allows for myofunctional awareness training to increase the success of orthodontic
treatment when a dysfunction is present. Specifically, it evaluates the masseter,
temporalis, upper hyoid, and perioral muscles.^'*'^^ From this, information about the
occlusion and tongue function may be assessed.
Harradine and Kirschen^^(1983) found that incisor positions are determined in
part by resting peri oral activity, but only in lip-competent subjects. Therefore, patients
with strong muscle pressure would have the most counterpressure in orthodontic
movement of the lower incisor.
Thuer^° (1999) found that the pressure exerted by the lower lip during chewing,
speech, and rest pressure significantly exceeds that of the upper lip. This is based on the
different muscle structure of the lower lip compared to the upper lip. Also, the vertical
movement of the lower lip has a bigger excursion. The combination of different muscular
attachments with this excursion has a greater influence on the lower alveolar process and
teeth. Familiarity with the effects of a mandibular lip bumper confirms this phenomenon.
Lowe et al^^ (1984) conducted a study relating the activity of the orbicularis oris
muscle with craniofacial type in children. The data showed that the muscle's amplitude
was greatest at rest and in maximum intercuspation in Class U, division 2 patients (i.e.,
brachyfacial types) as was maximum perioral force. Additionally, a statistically
significant association between the orbicularis oris muscle activity and incisor position
was found. Both findings sustain the conclusion that the lower lip and its related
musculature have definite influence on the final incisor position. It is further suggested
that muscle function is what determines the class morphology. Consequently, the Class
II, division 2 pattern of deep overbite and lingually inclined maxillary central incisors is
associated with a certain type of muscle pattern and function.
As outlined above, there are a multitude of effects caused by the perioral
musculature on esthetics, function, and occlusion. Electromyographical studies have
established that the facial muscles put forces on the dentition. Several surgical
approaches have been devised, with significant improvements found in levels of attached
gingiva, facial profile, and regeneration of bony alveolus in the surgical sites.
Yet up to now, no modem study has quantified the treatment changes after release
of these muscular pressures, particularly in regards to facial types, patient age, and
gender. Therefore, it is the purpose of this paper to analyze the changes after buccinator
release surgery for specific parameters, in patients who have already undergone fixed
orthodontic treatment, to determine the effectiveness of this surgical procedure,
in. Null Hypothesis
There are no differences pre-treatment versus post-orthodontic treatment in the
amounts of alveolar bone along the anterior superior aspect of the symphysis and
keratinized gingival tissue in patients who have undergone muscular release surgery, as
determined by lateral cephalograms, for the variables of age, facial type, and movement
of lower incisor.
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rv. Method and Materials
A. Selection of Subjects
A total of 128 subjects of Northern Italian descent (74 females and 54 males) who
have undergone both fixed orthodontic treatment and buccinator release surgery in the
private practice of Dr. Ivan Dus in Prata di Prodenone, Italy were evaluated. The average
patient age at initial evaluation (T-1), prior to orthodontics, is 14.29. Duration of fixed
orthodontic treatment was, on average, 30 months. After removal of braces the final (T-
2) records were taken, usually 6 months after debanding.
The patients were selected by Dr. Dus using the following inclusion criteria.
1. Exhibiting keratinized gingiva in minimal amounts (less than 2mm).
2. Severely crowded lower anterior teeth.
3. Lower anterior teeth that incline lingually.
4. Lower anterior roots visible under the mucosa.
5. Sublabial furrow or lower lip eversion.
The buccinator release surgery was done at the beginning of orthodontic treatment,
usually within the first 12 months. Of the entire sample, 90% also had a vestibuloplasly
done.
B. Protocols and Procedures
All patient records were obtained from Dr. Dus's database, which contain digital
radiographs, photographs, and lateral cephalogram tracings. The bony and gingival tissue
changes along the anterior inferior aspect of the symphysis (bony chin) from T1 to T2
were analyzed from these records.
The changes in alveolar bone in the area of the symphysis were measured from
the lateral cephalogram. The specific area of the symphysis was rescanned for each
patient with a measuring grid, so that changes could be quantified.
The lateral cephalometric radiographs were digitized with this program to
produce tracings from which the diagnostic analysis was drawn. The facial types of
brachyfacial, mesofacial, and dolichofacial were assigned, based on the average
cephalometric measurements of each type.
The alveolar bone was measured based on specific points on the lateral
cephalogram. The landmarks to be evaluated are defined in Table 1 and diagramed in
Figure 6.
Table 1. Definitions of the cephalometric landmarks.
Landmark Description
Subspinale (Point A) Point of greatest concavity on anterior border of premaxilla
between anterior nasal spine and maxillary central incisor
Infradentale (Id) The anterior superior point on mandible at its labial contact
with mandibular central incisor
Supramentale (Point B) Most posterior point on concavity between pogonion and
infradentale
Supra Pogonion (PM) Point at anterior border of symphysis between point B and
pogonion where curvature changes from concave to convex
Pogonion (Po) Most anterior point in bony contour of the chin
Gnathion (Gn) Lowest and most forward point on the chin outline
Menton (Me) Most inferior point on the symphyseal outline
Posterior Symphysis(PS) Most posterior point on the bony chin outline
"si Intersection of posterior inferior point on bony chin contour
with the border of the mandible
S2 Halfway between the SI and posterior symphysis
"§3 Halfway between posterior symphysis and S4
~S4 Most posterior superior point on the bony chin outline
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The plane of A point to Pogonion on a lateral cephalometric tracing is
abbreviated as "A-Po." (Figure 7) The parameter listed as "1 to A-Po" is another
cephalometric tracing measurement, and refers to the angle formed between the long axis
of the lower incisor and the plane drawn from A-Po plane. (Figure 8)
The measurements of the anterior inferior aspect of symphysis must zero out
changes that occur due to growth, because the average patient age is 14.3. Therefore, the
measurement of "Inner Area" was specific to the area between infradentale of the lower
incisor and Supra Pogonion. This area was selected because no known growth occurs
here.^^ Specifically, the borders of this area, measured in millimeters squared, were the
planes of infradentale to PM, PM to S3, S3 to S4, and S4 to infradentale. (Figure 9) In
addition, a line from B point to S4, measured in millimeters, was another point of
comparison. (Figure 10) Both inner area and S4 to B point were measured using the NTH
1.61 imaging software. Each image of the symphysis was saved on a computer disk, and
then opened within the above NIH computer program. Using the mouse to trace inner
area and S4 to B point on the computer screen, the program would then measure each
parameter and provide the exact mathematic measurements.
The amount of keratinized gingiva was assessed from the intraoral photographs, a
method shown to be effective in other studies.^^'^"* Keratinized gingiva, also knoAvn as
attached gingiva, is that part of oral mucous membrane that is tightly bound to the
underlying alveolar bone. Usually firm, frequently stippled, salmon-pink in color and
vaiying from 0 to 9mm in width, it extends from the gingival margin to the mucogingival
•  • 35junction. For the purpose of this study, the attached gingiva included the marginal
gingiva, a 1-2 mm cuff found around the neck of the tooth which also serves as the
external wall of the 0-2 mm deep gingival sulcus. The mucogingival junction is the
horizontal demarcation between attached gingiva and the alveolar mucosa, which is
continuous with the mucous membrane of the cheek, lip, and floor of the oral cavity.^®
Intraorally, the mucogingival junction is found between the pink keratinized gingiva and
the alveolar mucosa, characterized as a deep red, thin, highly vascular, and mobile tissue
that pulls away when the lip is extended.
The intraoral photographs did not include a measuring grid to quantify the exact
amount of keratinized gingiva. Also, the differences in focal distance between photos had
to be taken into account. Therefore, the central incisor was used as the anatomic constant,
and changes in keratinized gingiva width from pre- to post-treatment were evaluated by
comparing the horizontal width of one upper central incisor to the vertical width of
keratinized gingiva. The exact ratio was:
KG ratio: Width of T1 upper incisor Width of T1 KG
Width of T2 upper incisor X
Most of the images were printed so the measurements could be done, using a millimeter
ruler. For the few images that could not be printed due to computer malfunction, the
measurements were done with a ruler directly on the computer screen.
Specifically, the upper incisor width was the mesio-distal distance at the junction
of the middle and incisal third of the least rotated upper central incisor. The width of
keratinized gingiva was the vertical distance from the gingival border of a lower incisor
to the mucogingival junction. (Figure 11) Note that changes in keratinized gingiva at T2
were determined by comparing the T2 width to X. A measurement less than X meant a
decrease in KG, and a number greater than X represented an increase in keratinized
gingiva at T2.
C. Repeat of Reliability
Reliability testing was done of 10% of all measured variables. A statistical
analysis for error of methods in measurement was done to evaluate the level of intra-
operator reliability.
B pt
Figure 6. The landmarks to be evaluated on a lateral cephalometric x-ray.
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Figure 7. A point to Pogonion (A-Po) plane on a lateral cephalometric tracing.
Figure 8. Lower incisor to A-Po angle on a lateral cephalometric tracing.
PM
Figure 9. Inner area location on a lateral cephalometric x-ray.
I'
■





Figure 11. Measurement of keratinized gingiva from intraoral images.
V. Results
Of the available data, 125 of 128 had lateral cephalometric images, and 105 of
128 had complete intraoral photos. There were 54 males, 74 females, 54 mesofacial, 52
brachyfacial, and 22 dolichofacial patients.
Parameter T1 T2 Significance* Coefficient of
Mean Mean Variation (%]
Lower incisor to APo 18.89 ± 6.8 26.91 d: 6.4 p <.0001 35.86
(degrees) I? 23.^0





p <.0001 Tl 20.02
S4toBpt (mm) 8.97 ± 1.5 9.43 ±1.6
T2 18.52
p =.035 Tl 16.61
T2 17.18
p <.0001 Tl 58.42
T2 59.16
Keratinized Gingiva 5.58 ±3.26 8.57 ± 5.07  £][ 38.42
(mm) I I T2 I 59.16
* Tests based on Mann-Whitney U-Test at significance level a = .05
Table 2. Averages for each group and statistical significance.
A. Distribution of Data
Significant ranges were noted within each of the measured parameters. The
average pre-treatment age was 14.29 ± 7.3, and the average post-treatment age was 17.75
± 7.0. Pre-treatment ages ranged from 4.5 to 36.5 years old and post-treatment ages from
8 to 38.6 years old. While the average length of treatment was 30 months, the differences
in treatment time were 1.5 to 5 years.
Lower incisor angulation had a dramatic range, from 1° to 40° at T1 and average
T2 range of 12° to 40°. (Figure 12) Brachyfacial patients had the most extreme angle
differences from T1 to T2, with 50% of the data ranging from 4° to 17° (difference of
11°). Mesofacials had a smaller 50% range of 5° to 12°(difference of 7°), and
dolichofacials had the smallest range at 50%, from 4° to 10°(difference of 6°). (Figure 13)
Note that lower incisor angulation does not differentiate between crown or root tip,and
bodily movement of the tooth. The measurement lower incisor to A-Po plane simply





Figure 12. Box-plot distribution of lower incisor angulation.
The facial types of brachyfacial (B), dolichofacial (D), and mesofacial (M), are
compared relative to the changes in lower incisor from pre- to post-treatment. Note that
the majority of the data fell below zero and into the negative angle differences. This
occurred because the differences were calculated as [T1 - T2], instead of the intuitive












Figure 13. Box-plot distribution of incisor angulation differences and facial type.
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The distributions for inner area were the largest, with T1 spanning 40.6mm to
111.4 mm^, and T2 inner area ranging from 45.7 mm^ to 122 mm^. (Figure 14) In
contrast, S4 to B point distance had a smaller range, from 5.6mm to 13.2 mm at Tl, and
between 6.3 mm and 14.5mm at T2. (Figure 15)
T1.»#IER T2.INNER
mm2
Figure 14. Box-plot distribution of pre- and post-treatment inner area.

Finally, the distribution of keratinized gingiva was the smallest, with a T1 range
of 1 to 12mm, and T2 range of 2 to 15mm. Half of the T1 data was between 3 .5mm and
6mm, while half of the T2 data fell in the range of 5mm to 9mm. (Figure 16)
COi o
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Figure 16. Box-plot distribution of pre- and post-treatment keratinized ginigiva widths.
B. Statistical Significance
Statistical significance was calculated to compare before and after treatment; 1)
lower incisor to A-Po angulation, 2) inner area, 3) distance from S4 to B point, and 4)
keratinized gingiva. The results showed that there was a statistically significant increase
in the area of B point, ascertained by two measurements: inner area and the distance from
posterior-superior symphysis (S4) to B point. Statistically significant increases in the
amount of keratinized gingiva and angulation of lower incisor were found. (Table 2)
C. Correlation Analysis
Extremely low correlations were detected between any of the measured
parameters, when assessing the pre- and post-treatment changes. Correlation coefficients
close to 1.0 indicate strong correlation between the tested variables, whereas the results
below show virtually no correlation, as they are close to zero. There was no statistically
significant correlation between the three facial types and the changes in inner area or S4
to B point distance. Similarly, neither patient age nor lower incisor angulation
significantly impacted the changes seen in inner area or S4 to B point. (Table 3)
Change from T1 to T2 Inner Area Change in S4-B pt
Facial Type* p > 0.20 p > 0.50
Age** r = 0.13 r=0.11
Angle** r=0.07 r = 0.07
* Tests based on Contingency Test at a=.05
** Based on Pearson Correlation
Table 3. Statistical correlations between parameters and changes with treatment.
D. Frequency of Variables
Analysis of frequency distribution is important in providing a more descriptive
representation of numerical changes observed in the data sample with regards to its
significance in a clinical setting. The differences between T1 and T2 for inner area were
separated into three ranges; less than 5 mm^, equal to 5 mm^, and more than 5mm^. The
differences between S4 to B point distance were also separated into three ranges: less
than 1.5mm, equal to 1.5mm, and more than 1.5mm between T1 and T2. (Table 4) The
values of 5mm^ and 1.5mm are not statistically significant, but exceed the amount of
tracing error of a lateral cephalometric x-ray.
Inner Area
125 pts)
S4 to B point
(N = 125 pts)
< 5 mm = 5mm +/- 4.9mm > 5 mm
7 26 92
(5.6%) (20.8%) (73.6%)
T1<T2 T1 = T2 TI>T2
106 9 10
(84.8%) (7.2%) (8%)






Table 4. Frequency of numeric changes from T1 to T2.
The frequency of observed changes in keratinized gingiva shows that in
the majority of cases, there were increases from T1 to T2. (Table 5)
Keratinized gingiva T1 < T2 T1 = T2 T1 > T2
N= 105
Table 5. Frequency of changes in amount of keratinized gmgiva.
E. Reliability Analysis
An interclass correlation of the reliability coefficient was done for the three
measured variables. An intra-correlation coefficient (ICC) of 0.90 or higher, with 1.0
signifying complete reliability, would indicate good agreement between the original
measurements. Of the original sample, 15.6% of the pre-treatment inner area and S4 to B
point and 11.4% of the keratinized gingiva samples were randomly selected and
remeasured.
Inner Area
S4- B point distance
Keratinized Gingiva
Total Sample T1 Random ICC




Table 6. Intra-operator reliability analysis.
The experimenter's reliability for S4 to B point measurement was acceptable.
However, intra-operator reliability coefficients for inner area and keratinized gingiva
were much lower than expected. Therefore, the intra-operator reliability was poor for
those two variables. Possible sources of error were lateral cephalometric x-rays that were
difficult to read, parts of the rescanned x-ray that were darker in the points to be plotted,
and the fact that the second set of measurements were taken over 11/2 months after the
original ones were done. All of these observations suggest the need for an improved
method of quantifying the data should a similar study be undertaken.
VI. Discussion
The results of this investigation were that buccinator release surgeiy and
vestibuloplasty procedures improved the lower anterior bony and gingival architecture
within the patient sample. This was evidenced with both clinical and statistical analysis.
Ultimately, the patients benefited from improved muscular positions. Each parameter will
be discussed separately in the following.
A. Bony apposition at B point
The change in bony alveolus was represented by two parameters: inner area and
S4 to B point distance. The statistical analysis showed a significant increase in both, with
inner area having the greater amount of change, on average, than the S4 to B point
distance. This was related to the type of measurement; area versus linear distance. The
inner area had a wide range, which correlates with the varying chin morphology of each
patient. While these findings are impressive, that patients also wore Frankel appliances
as an adjunct to the surgical procedures should be considered, as this may have
contributed to the improvements seen.
As previously mentioned, the measured area was chosen because no growth
occurs here after age 8.^^ In fact, the basal portion of the mandible undergoes a reversal
of apposition-resorption pattern from the posterior aspect to the anterior. The symphysis
is completely appositional on the lingual, but only partially so at the chin point of
pogonion. The alveolar bone immediately superior to pogonion is actually resorptive.
Such resorption necessitates a continual uprighting of the lower incisors to prevent root
exposure. Naturally this movement occurs in such a way that it is coordinated with the
downward and forward displacement of the mandible. However, for those orthodontic
patients undergoing lower incisor advancement, there is risk of root exposure, loss of
alveolar support, and gingival recession. Thus, the perceived benefits of both surgical
procedures would address these potential problems and preserve the integrity of the
buccal alveolus.
The frequency of distribution from pre- to post-treatment for inner area showed
that 7 of the 125 patients had less than a 5mm^ difference after the muscular release
surgery, while 26 had approximately no change. Therefore, 33 patients, or 26% had no
significant improvement. In contrast, 74% of the patients had an increase of inner area
greater than 5mm^, which indicates a veritable amount of bony apposition in the area of B
point. Such an improvement may contribute to post-treatment stability. For this patient
pool the muscular release surgery was not done to eliminate the need for extractions on
borderline-extraction cases. The primaiy goal was to improve the quality of the alveolar
bone and the gingival status. However, as prior research has shown^'^, other treatment
options for patients undergoing muscular release surgery can become available, based on
post-surgical alveolar development of the symphysis.
B. Lower incisor angulation
The lower incisor angulation had a significant increase, with an average increase
of 8 degrees. One of the goals of orthodontic therapy is creation of dental stability, so
extreme changes in incisor position decrease stability unless the surrounding musculature
is modified. The pretreatment range of lower incisor angulation was dramatic, from 3° to
35°, or a 32° span. The ideal lower incisor position to A- Po plane is 28°, so such
extremes point to myofunctional problems and muscle imbalances. After orthodontic
treatment and buccinator release surgery, the range of incisor position was 13° to 40°, an
improved, albeit wide, span of 27°.
Brachyfacial patients had the greatest amount of incisor angulation differences
from T1 to T2 of 40°. In contrast was the difference of 20° in both meso- and
dolichofacial patients. Since brachyfacial masticatory and peri-oral musculature is the
strongest, such patients can benefit significantly from the vestibuloplasty and buccinator
release procedures. Further, as lower lip muscle amplitude influences the lower incisor
position,^^ releasing muscle pressure would allow the lower incisor to be put in a more
stable alveolar position. Such changes were suggested in this study, and warrants further
investigation.
Change in lower incisor position may have contributed to the bony apposition
seen at B point. While the changes in lower incisor angulation were reported, no
indication of tooth movement was available. Nevertheless, there was a very weak
stastistical correlation between lower incisor angulation and change in inner area or S4 to
B point distance. Further investigation is needed, taking into consideration change of
lower incisor position, in order to assess changes in lower alveolar bone. This may be
accomplished using superimpositions of pre- and post-treatment incisor position from
lateral cephalometric tracings.
C. Keratinized Gingiva
As Hamula and Frederick purported, alteration of the muscular attachments has a
definite benefit on the amount of keratinized gingiva*'^. One of the goals of this
investigation was to quantify the changes in keratinized gingiva after buccinator release
surgery and vestibuloplasty. However, the type of available records affected how this
parameter could be analyzed. The most obvious obstacle was not having access to the
patients' complete records, such as study models and notes from the clinical examination.
In addition, only 105 sets of intra-oral photographs were available, limiting a complete
set of patient data. Furthermore, while it is certain that all 128 patients underwent the
buccinator release surgery, an estimate of the number of patients undergoing the
vestibuloplasty was given. Such information would have helpful in analyzing the results.
In spite of this, it became clear from the surgical scars visible in all available post-
treatment photographs, that every patient within the subsample of 105 had undergone the
vestibuloplasty in addition to the buccinator release surgery.
Another drawback to having only digital photographic images to assess
keratinized gingiva was the fact that some of the photographs were not on a 1:1 scale.
The outcome was keratinized gingiva measurements as high as 15 to 25mm. Keeping in
mind that the physiologic keratinized gingiva range is 0 to 9mra,^^ these extreme
numbers resulted in a box-plot distribution that was not representative of the actual
keratinized gingiva width. For diis reason, having patient models is essential to this type
of evaluation. Finally, most of the keratinized gingiva measurements were done from
printouts of the T1 and T1 photographs. However, some images were measured on a
computer screen, as they could not be printed due to computer error. Such
inconsistencies in the measuring process undoubtedly led to the low intra-operator
reliability that resulted in the statistical analysis.
As the frequency of distribution of keratinized gingiva showed, 90 of 105 patients
(86%) had greater measurements of keratinized gingiva at T2. Only 3 patients (2.9%)
had T1 measurements equal to T2, and 12 patients (11%) had T2 measurements less than
T1. Therefore, for most of the patients, there was a distinct improvement in post-
treatment gingival architecture. In fact, in most of the intra-oral photographs, a visible
difference in keratinized gingiva width was noticed at 12 before measurements were
taken.
The post-treatment increase in keratinized gingiva is one of the most noteworthy
observations of this study, as the lower anterior region is most susceptible to gingival
recession and stripping subsequent to orthodontic treatment.^' While lingual repositioning
of the lower incisor orthodontically alone leads to improved keratinized gingiva, studies
show only slight increases. Further, it should be noted that cmrent periodontal literature
supports surgical repositioning of an aberrant frenum attachment only. Gingival
augmentation procedures are done surgically to prevent regrowth of the frenum in regions
where an inadequate zone of attached gingiva exists. Such procedures have proved to be
successful in increasing vestibular depth locally. Yet, none of these protocols are
effective in removing or relieving the pressure from the musculature that initially caused
recession or minimal amounts of keratinized gingiva.
D. Age
In this study, patient age had a wide scope. At pretreatment, the range was 4.5 to
36.5 years old, though half of T1 ages fell between 8 and 17.5 years old. The different
lengths of treatment time were based on the pre-treatment age of the patient. If the patient
began Phase I orthodontic treatment, the records showed a post-treatment age after Phase
II, making the treatment time appear longer than the duration of active orthodontic
therapy. There is usually a 2-year interim between Phase I and n where no orthodontic
treatment occurs. As a result, some patients in this study had treatment times as long as 5
years, when in fact the total time in orthodontic appliances was only 3 years.
Statistical analysis showed minimal correlation with patient age and changes in
inner area or S4 to B point. Nonetheless, to properly discount changes due to growth, the
patient pool should only consist of adults. This is difficult, as adults make up about 30%
of most orthodontic practices, and the exclusion of growing patients would have lead to a
very small patient sample in this study. Recognizing that the combined protocol of
orthodontic treatment and muscular release surgery is effective, it would be interesting to
note whether better outcomes result from younger patients, who have faster tissue
metabolism than adults and therefore faster healing and recovery time.
E. Gender
Female patients comprised 57.8% of the patient sample, which reflects the trend
of females undergoing orthodontic treatment more often than males. The average pre-
and post-treatment ages were higher for females, as well as incisor angulation. Due to a
larger sample size, females in this study had greater extremes, which lead to higher
averages. A notable difference was seen in the bony alveolus, where females had smaller
inner areas and S4 to B point distances, both before and after treatment. The lesser
measurements must be due to size differences in genders. Overall, there were no
significant differences in outcomes based on gender.
F. Facial types
The distribution of facial types was another noteworthy aspect of this study.
Mesofacial was the most common facial pattern at 42.2%, but it was closely followed by
brachyfacials, making up 40.6% of the patient pool. Dolichofacial patients comprised
only 17.2% of the overall sample. Based on this distribution, a question of whether the
positive results were related to more mesofacial and brachyfacial types arises. Statistical
correlations showed a weak relationship between facial type and changes in inner area or
S4 to B point. Theoretically, mesofacial s would have had the most optimal results, as no
apparent muscular imbalance exists. While the findings of this study point to no apparent
discrepancies between facial type and treatment outcomes, it is premature to completely
disregard the possible connection. Also, because this patient sample was specifically
Northern Italian, the distribution in facial type may be related to regional differences.
More research regarding facial pattem distribution as they relate to treatment outcomes
after muscular repositioning is necessary to better appraise the findings of this
investigation.
G. Improved Muscle Position
One of the most clinically relevant outcomes of the study was the alteration of
muscle position in patients who underwent both procedures. As previous studies showed,
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peri-oral and masticatory muscle pressures influence tooth position. '' ' Extreme
muscular imbalances contribute to the development of malocclusion. Therefore,
muscular alterations, such as those done in this study, could enhance dental stability after
a patient's active orthodontic treatment is completed. The ability to prevent dental
relapse by improving muscular equilibrium is advantageous not only to patients seeking




1. Subjects who had muscular release surgery during fixed orthodontic therapy had
significant improvements in alveolar support via bony apposition in the anterior
superior aspect of the symphysis within the patient sample.
2. Increases in amount of keratinized gingiva in the lower anterior region were
observed in patients undergoing this procedure.
3. Extremely low correlations were found between facial type, age, or lower incisor
angulation from pre- to post-treatment and increases in bony apposition.
4. No significant differences in outcomes occurred between genders.
5. The patients in the study mostly benefited from repositioning of muscles that
contributed to the pre-treatment malocclusion. Such muscular alterations could
enhance dental stability after completion of active orthodontic treatment.
B. Recommendations for Future Studies
Though it is always advisable to have a control group, this study was an attempt to
determine a trend from retrospective data.
1. Include a control group consisting of patients undergoing no orthodontic
treatment and no buccinator release surgery.
2. Include two sample groups: one of patients undergoing only fixed orthodontic
treatment and one of patients undergoing only buccinator release surgery.
3. Include two sample groups: one of patients undergoing only fixed orthodontic
treatment and one of patients undergoing only vestibuloplasty.
4. Compare treatment results to patients who utilize Frankel appliances during
orthodontic treatment without having the muscular release surgery.
5. Evaluate non-growing patients only.
6. Increase the sample size of facial types in order to determine differences in
treatment outcomes.
7. Evaluate lower incisor angulation changes via superimpositions and relate this to
treatment results.
8. Isolate different extremes of lower incisor angulation to determine its effect on
treatment results.
9. Use patient models and clinical examination to quantify changes in keratinized
gingiva.
10. Include gingival probing depths to provide a clear measurement of keratinized
gingiva.
11. Include a cross-sectional sample of patients.
12. Include an inter-operator reliability analysis.
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